Objective: To investigate the levels of in the serum of patients with nonsmall-cell lung cancer (NSCLC) and to determine whether there was a correlation with the prognosis of NSCLC patients following cisplatin-based chemotherapy. Methods: Quantitative real-time reverse transcription-polymerase chain reaction was used to measure the serum levels of miR-210 in patients with NSCLC and healthy age-matched control subjects. Correlations between serum miR-210 levels and clinicopathological factors and prognosis were investigated. Results: Serum miR-210 was significantly upregulated in 60 patients with NSCLC compared with 30 healthy control subjects. Higher serum miR-210 levels were significantly correlated with the clinical stage and the presence of regional lymph node metastasis in patients with NSCLC. Serum miR-210 levels in patients that achieved a partial response following cisplatin-based chemotherapy were significantly lower than in patients with stable or progressive disease, and were similar to those in healthy control subjects. Conclusions: These findings suggest that serum miR-210 levels might be a novel diagnostic and prognostic marker of NSCLC.
Introduction
Lung cancer is the leading cause of cancerrelated death in both men and women worldwide. 1 In the United States in 2011, there were about 215000 new cases of lung cancer resulting in more than 156900 deaths. 1 Approximately 85% of all lung cancers are nonsmall-cell lung cancers (NSCLC), a heterogeneous group that is comprised of mostly squamous cell carcinomas and adenocarcinomas. 2 The lack of early diagnosis and effective treatment methods are the main causes of high mortality in patients with NSCLC, with the 5-year survival rate being 15-20%. 2 The development of novel biomarkers for the early detection of NSCLC is urgently needed to help improve the survival of patients with NSCLC.
MicroRNAs (miRNAs) are singlestranded RNA molecules of approximately 21-23 nucleotides in length, which negatively regulate the translation of coding mRNAs in a sequence-specific manner. 3 The role of miRNAs in the pathogenesis of cancer and the fact that their levels are associated with disease states underscores their value as molecular biomarkers. 4 Furthermore, it has been shown that miRNAs are present in human serum or plasma in a remarkably stable form that is protected from endogenous RNase activity, which highlights the potential of circulating miRNAs to act as stable blood-based markers for the detection of cancer or other human diseases. [5] [6] [7] [8] [9] [10] [11] MicroRNA-210 (miR-210) is an important member of the miRNA family and it has been reported to be upregulated in various tumour types. 12, 13 However, there are few reports on the role played by miR-210 in NSCLC. 14, 15 In the present study, serum levels of miR-210 were investigated in patients with NSCLC and the feasibility of using serum miR-210 as a noninvasive diagnostic biomarker for NSCLC was evaluated.
Patients and methods

Study population
This study retrospectively enrolled patients who had previously undergone lung resections for primary NSCLC between July 2009 and July 2012. The patients were identified from a search of the archival surgical pathology files of the Department of Thoracic Surgery, The First Bethune Hospital, Jilin University, Changchun, Jilin Province, China. There were no other inclusion or exclusion criteria for this study.
Tumours were staged according to the tumour-node-metastasis (TNM) staging system of the American Joint Committee on Cancer. 16 Control subjects were recruited from among individuals who sought a routine health check-up at the Physical Health Examination Centre of Jilin University, who had not previously been diagnosed with cancer.
A 5-ml sample of peripheral venous blood was drawn from all study participants after an overnight fast and kept at room temperature for 60 min. Then the blood samples were centrifuged at 1000 g for 10 min at 4 C in a Sigma 3k15 centrifuge (SIGMA Laborzentrifugen, Osterode am Harz, Germany). The serum was immediately separated, frozen and stored at À80 C until it was used for analyses. Repeated freeze-thawing was avoided during storage to ensure the quality of the samples.
This study was approved by the Ethics Committee of Jilin University and written informed consent was obtained from all study participants.
Chemotherapy regimen and the evaluation of therapeutic efficacy
A proportion of the patients with NSCLC underwent cisplatin-based chemotherapy and the remaining patients had tumours that were fully resectable during surgery. The patients that underwent chemotherapy received 30 mg/m 2 cisplatin intravenously once daily for 3-4 weeks. After two to three cycles of treatment, an objective evaluation was made according to the Response Evaluation Criteria In Solid Tumors (RECIST) guidelines recommended by the World Health Organization: 17 each patient's response was defined as complete remission (CR), partial remission (PR), stable disease (SD) or progressive disease (PD).
RNA extraction and quantitative RT-PCR analysis of miR-210
Total RNA, including miRNAs, was extracted from 200 ml of serum using the QIAGEN miRNeasy Mini Kit (catalogue no. 217004; QIAGEN, Hilden, Germany) according to the manufacturer's instructions. The purity and concentration of RNA were determined using a dual-beam ultraviolet spectrophotometer (Eppendorf, Hamburg, Germany).
The concentration of miR-210 in serum was measured using quantitative real-time reverse transcription-polymerase chain reaction (RT-PCR). To synthesize cDNA, 20 ml of reverse transcription reaction mixture containing 40 ng of total RNA, 5 Â reverse transcription buffer (QIAGEN), 10 mM of each deoxynucleotide triphosphate (Takara Biotechnology, Dalian, China), 5 U/ml of RNase inhibitor (Takara Biotechnology), 0.25 ml of antisense looped primer for miR-210 (5 0 -GTCGTATCCAG TGCAGGGTCCGAGGTATTCGCACT GGATACGACGAAACCCA-3 0 ; QIAGEN) and 5 U/ml Avian Myeloblastosis Virus Reverse Transcriptase (1 ml; Takara Biotechnology) was incubated at 16 C for 15 min, followed by 42 C for 60 min and at 85 C for 5 min, then stored at À20 C until it was used.
Real-time quantification was performed using the QuantiTect TM SYBR Õ Green PCR Kit (QIAGEN) and the Applied Biosystems Õ 7900 Sequence Detection System (Applied Biosystems, Foster City, CA, USA) according to the manufacturers' instructions. miR-16 was selected as the internal normalization control (miR-16 sequence: 5 0 -UAGCAGCACGUAAAUA UUGGCG-3 0 ; Takara Biotechnology). [18] [19] [20] The cycle threshold (C T ), which was defined as the number of PCR cycles required for the fluorescentsignaltobehigherthanathreshold indicating baseline variability, was recorded. Relative changes of gene expression were representedby2 ÀÁÁCT ,thedifferencebetween the original copy number of miR-210 in the NSCLC group and that in the control group, where ÁÁC T ¼ (C T miR-210 À C T miR-16 ) of the NSCLC group À (C T miR-210 À C T miR-16 ) of the control group.
Statistical analyses
Statistical analyses were undertaken using GraphPad Prism version 4.03 (GraphPad Software, San Diego, CA, USA) and the SPSS Õ statistical package, version 16.0 (SPSS Inc., Chicago, IL, USA) for Windows Õ . Data are expressed as the mean AE SD. Student's t-test was used to analyse the differences in miR-210 serum concentrations between patients with NSCLC and control subjects, and between patients with NSCLC stratified according to clinicopathological features. Receiver operating characteristics (ROC) analysis was undertaken to determine the ability of the serum miR-210 level to discriminate between patients with NSCLC and healthy control subjects. The association between miR-210 serum concentrations and overall survival was analysed using the Spearman's correlation coefficient. A P-value <0.05 was considered statistically significant.
Results
A total of 60 patients (42 male, 18 female; mean AE SD age 53.9 AE 4.6 years) who had undergone lung resections for primary NSCLC were included in the study. Of these, 36 patients with NSCLC were stage IV and 24 were stage I-II. Of the stage IV patients with NSCLC, 19 were diagnosed with squamous cell carcinoma and 17 with adenocarcinoma. Of the stage I-II patients with NSCLC, 11 were diagnosed with squamous cell carcinoma and 13 with adenocarcinoma. Of the 60 patients with NSCLC, 25 had lymph node metastasis and 35 did not have lymph node metastasis. The control group (n ¼ 30) was composed of 15 male and 15 female subjects (mean AE SD age 57.0 AE 3.8 years). There was no significant difference in age and sex distribution between the patients with NSCLC and the control subjects. Of the 60 patients with NSCLC, 36 underwent cisplatin-based chemotherapy and the remaining 24 patients had tumours that were fully resectable during surgery.
The serum level of miR-210 was significantly upregulated in patients with NSCLC compared with healthy control subjects (4.846 AE 0.818 versus 3.846 AE 0.694, respectively; P < 0.005). Furthermore, ROC curve analysis revealed that serum miR-210 was a valuable biomarker for differentiating NSCLC patients from healthy control subjects with an area under the curve (AUC) of 0.775 (95% confidence interval 0.690, 0.872) ( Figure 1) . Table 1 presents the results of the correlation analysis between the relative miR-210 serum levels and clinicopathological features of NSCLC. There was no correlation between the relative miR-210 serum levels and age and sex, but the relative miR-210 serum levels were significantly positively correlated with TNM stage and the presence of lymph node metastasis (P < 0.05 for both comparisons). The relative miR-210 serum level was significantly higher in patients with stage III-IV NSCLC compared with patients with stage I-II disease (P < 0.001) and in patients with lymph node involvement compared with patients without lymph node involvement (P < 0.005).
A total of 36 patients with advanced NSCLC underwent two to three cycles of cisplatin-based chemotherapy and were followed-up for a mean AE SD of 25.0 AE 3.8 (range 5-48) months: 12 had PR, 11 had PD and 13 had SD, but none achieved CR after chemotherapy. The relative miR-210 serum level was significantly higher in the PD þ SD group compared with the PR group (P < 0.05) and the healthy control group (P < 0.05), whereas there was no significant difference between the PR group and the healthy control group (Figure 2 ).
Discussion
Tumour metastasis is one of the most important prognostic factors for advanced NSCLC. When it occurs it often results in treatment failure. 21 The early detection of metastasis in patients with NSCLC using a convenient method is an important research goal. Circulating tumour-derived miRNAs were first described in peripheral blood by Mitchell et al, 9 who found that circulating miRNAs had the potential to be new biomarkers in patients with prostatic cancers. These authors also showed that blood-derived miRNAs demonstrated high stability after prolonged incubation at room temperature and/or after multiple freezing-thawing processes. 9 These previous findings stimulated the search for circulating miRNAs that could be used in the detection of patients with cancer, and several miRNAs have been reported to act as cancer-specific stable blood-based markers. [6] [7] [8] [9] [10] [11] [18] [19] [20] 22, 23 Thus, identifying an miRNA that can diagnose patients with NSCLC, particularly at an early stage, may play an important role in the future treatment of this cancer.
MicroRNA-210 is one of the most widely studied miRNAs in cancer. miR-210 is upregulated in various types of human malignancy, 12, 13, [24] [25] [26] suggesting that it has an important role in tumorigenesis. In this present study, the serum level of miR-210 in patients with NSCLC was compared with that of healthy control subjects. All of the samples of miRNA that were obtained in the present study were of good enough quality for RT-PCR amplification. The serum level of miR-210 in patients with NSCLC was significantly higher than that measured in healthy control subjects. This current result was in agreement with previous findings that miR-210 levels were increased in some cancer patients. 12, 13, [24] [25] [26] The mechanism of upregulation of miR-210 is not completely understood, but recent data suggest that upregulation of miR-210 is related to the hypoxia-inducible factor (HIF)-1a signalling pathway. 25 Research has demonstrated that the miR-210 level in human breast cancer is not only a marker of tumour hypoxia in vivo but it is also regulated by HIF-1a in breast cancer through a hypoxiaresponsive element. 24 Although the exact mechanism of action of miR-210 and its role in tumorigenesis need to be further clarified, there is considerable value in exploring its usefulness as a diagnostic tool in a range of cancers.
The objective of this present study was to evaluate the ability of circuiting miR-210 in The relative amount of miR-210 was calculated using the 2 ÀÁÁCT method where ÁÁC T ¼ (C T miR-210 À C T miR-16 ) of the NSCLC group À (C T miR-210 À C T miR-16 ) of the control group. b Differences in the miR-210 levels were analysed using Student's t-test. NS, no statistically significant between-group differences (P ! 0.05).
serum samples to distinguish between patients with NSCLC and healthy control subjects. The current results showed that the level of miR-210 in serum was significantly higher in patients with NSCLC than in healthy control subjects: the difference could distinguish patients with NSCLC from healthy control subjects with a high degree of specificity and sensitivity. In addition, the serum level of miR-210 was significantly elevated in patients with stage III-IV disease compared with patients with stage I-II disease. Importantly, the relative level of miR-210 was significantly reduced in the partial remission group compared with the progressive disease and stable disease group, suggesting that serum miR-210 levels might correlate with sensitivity to chemotherapy in NSCLC. This present study also demonstrated that the serum levels of miR-210 were not significantly different between men and women, which was in accordance with previous findings. 9 Results from studies have demonstrated that the circulating levels of miR-210 or the other miRNAs were potential diagnostic biomarkers in cancer. 4, 9, 12 An investigation of the levels of 12 miRNAs in plasma samples from patients with colorectal cancer found that miR-29a (AUC ¼ 0.844) and miR-92a (AUC ¼ 0.838) had significant diagnostic value for advanced cancer patients. 27 The mean serum level of miR-210 was shown to be significantly higher in patients with renal cell cancer compared with control subjects (P < 0.001). 12 Serum miR-221 levels were elevated in patients with epithelial ovarian cancer compared with control subjects and the serum miR-221 level was associated with the International Federation of Obstetricians and Gynaecologists stage and tumour grade. 28 These previous studies suggest that plasma/serum miRNAs may function as potential biomarkers for the noninvasive diagnosis and prognosis of cancers.
In conclusion, the present study showed that serum miR-210 levels were significantly elevated in patients with NSCLC compared with control subjects and that the circulating miR-210 was significantly elevated in patients with stage III-IV disease compared with patients with stage I-II disease. These findings indicate that serum miR-210 may have a role as a novel diagnostic and prognostic marker of NSCLC.
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